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ABSTRACT – Thermocapillary migration is a typical 

lubricant loss mechanism in the space lubrication. This 

paper presents experimental investigations on the effects 

of the physical and chemical properties of solids and 

liquids on the migration performance. It is found that the 

polytetrafluoroethylene (PTFE) surface has a strong anti-

migration capacity, while the ionic liquid (IL) and 

polyethylene glycol (PEG) lubricants can hardly migrate 

on all tested surfaces. This study provides a guidance of 

the anti-migration strategies for tribology systems 

encountered with thermal gradients. 

 

1. INTRODUCTION 

Liquid lubrication has been widely employed in 

mechanical systems with moving surfaces to decrease the 

friction and wear rate for centuries. A process involving 

friction is always accompanied by a dissipation of energy, 

which generates heat and forms a thermal gradient on the 

rubbing surfaces [1]. Usually, as the liquid lubricant 

placed on a surface subject to a thermal gradient, it can 

be driven to migrate from high temperature to low 

temperature regions freely in the absence of external 

forces. It is because the interfacial tension of a liquid is 

in inverse proportion to its temperature, which indicates 

that the temperature differences can induce a surface 

tension gradient on the liquid, providing a driving force 

for the migration. 

This thermal flow is widely encountered in many 

industrial products such as miniature rolling bearings, 

piston rings and hard disk, in which the migration of 

lubricant films has strong effects on the device 

performance. Especially in space devices, the extremely 

large temperature range (-150 – 150 °C) will drive the 

liquid lubricants away from the rubbing area [2]. In some 

situations, the migration is beneficial since it promotes 

the lubricant wetting on rubbing surfaces. In others, one 

may desire to limit the migration to ensure adequate 

lubrication present where it is needed [3]. Therefore, 

investigations on the migration mechanism, especially on 

how to hinder it, is vital to ensure effective lubrication. 

The existing literature contains rich volumes of 

correlational researches devoted to the anti-migration 

strategies [4]. Modifying liquid lubricants properties, 

such as increasing the viscosity, adding lubricant 

additives or designing new lubricants can hinder the 

migration [5]. Surface topography also has a strong 

influence on the liquid action. Surface with higher 

roughness, grinding scars, or patterns of micro-grooves 

or micro-dimples have been proven to be effective ways 

to prevent migration [6]. 

Although abundant researches have been done in 

this research topic. Limited information exists on the 

systematic investigation on the effects of different 

surfaces and liquid lubricants on the migration 

performance, which makes it difficult to understand the 

nature of thermocapillary migration and design suitable 

anti-migration strategies in real operating model. 

Therefore, in this paper, different surfaces and 

liquid lubricants are employed for migration test. Special 

attention is paid to the wetting properties of solid surfaces 

and surface tensions of liquid lubricants. This study gives 

a clearly insight into the internal relationship between the 

physical and chemical properties of solids and liquids on 

the migration performance, moreover, provides a 

guidance of the anti-migration coating strategies for 

lubrication systems encountered with thermal gradients. 

 

2. METHODOLOGY 

Surface with metallic and non-metallic coatings, 

including gold (Au), titanium (Ti), silicon (Si), and 

polytetrafluoroethylene (PTFE) are prepared in this study. 

Two major categories, non-polar and polar liquid 

lubricants of paraffin oil, sebacic acid diester (diester), a-

olefinic hydrocarbon synthetic oil (PAO4), silicone oil, 

polyethylene glycol (PEG) and ionic liquid (IL) are 

employed in this study and shown in Table 1. 

 

Table 1. Lubricants used in this study. 

Category Lubricant 
Molecular 

formula 

Non-

polar 

synthetic 

a-olefinic 

hydrocarbon 

synthetic oil 

NA 

Silicone oil [C2H6OSi]n 

mineral 
paraffin oil-I 

NA 
paraffin oil-II 

ester 
Sebacic acid 

diester 
C26H50O4 

Polar 

synthetic 
Polyethylene 

glycol 

H(OCH2CH2)nO

H 

melting 

salt 
Ionic liquid C8H11O4N3S2F6 

 

Figure 1 shows the experimental apparatus 

designed for this study. The substrate with dimensions of 

76 mm ´ 30 mm ´ 3 mm was attached to the heating and 

cooling elements, and migration experiments were 

performed on it. Via controlling the temperatures of 

heating and cooling elements, a thermal gradient was 
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generated on the surface. The thermography conformed 

the uniform thermal gradient. The dynamic migration 

process was monitored by a digital video camera, and via 

extracting the frames, the migration distance and velocity 

could be calculated. 

 

 
Figure 1 Schematic diagram of the apparatus. 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows a typical result of migration 

processes of diester droplets (5 mL) on surfaces of Au, Ti, 

silicon and PTFE. As expected, the droplets migrate from 

warm to cold regions under a thermal gradient of 2.2 

°C/mm. It is interesting that migration occurs at varying 

levels on different surfaces, and on the PTFE surface, the 

droplet remains stationary during whole test time. 

 

 
Figure 2 Detailed migration processes of a diester 

lubricant on different surfaces. 

 

The average migration velocities during 30 s and 

contact angles of diester droplets on these surfaces are 

exhibit in Figure 3. It can been clearly seen that the Au 

surface yields a fastest migration velocity about 0.6 mm/s 

and the contact angle on that surface is about 11°. 

Migration velocities on Ti and silicon surfaces decrease 

marginally, and the contact angles on these surfaces are 

basically same as that on Au surface. However, on the 

PTFE surface, the migration velocity is nearly zero while 

the contact angle is as high as 40°. 

In most cases, the surface tension of liquid is much 

lower than that of solid, the adhesion work between 

lubricant molecules and the metal surface could be higher 

than the internal cohesive work of lubricant molecules. 

Contact angle reflects the interaction between the liquid 

and solid. It is believed that on different material surfaces, 

the smaller the contact angle is, the stronger interaction 

between the liquid and the solid will be. That’s the reason 

why migration on the PTFE surface is lower than others. 

Figure 4 shows a comprehensive comparison on the 

migration capacity of different lubricants on Au surface, 

and the surface tension of lubricants are also shown in 

this figure. Generally, under the effect of thermal gradient 

(2.2 °C/mm), all the non-polar lubricants migrate on Au 

surface while polar lubricants of PEG and IL remain 

stationary. Meanwhile, the surface tension of polar 

lubricants is higher than these of non-polar ones. It 

indicates that a polar lubricant is a well performance anti-

migration lubricant. 
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Figure 3 Average migration velocities and contact 

angles on different surfaces. 
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Figure 4 Migration velocities of different lubricants on 

Au coating surface and the surface tensions of 

lubricants. 

 

4. CONCLUSIONS 

The primary conclusions drawn from this study are 

as follows: 

(a) The utilisation of PTFE coating is an effective 

way to prevent migration. 

(b) Polar lubricants, such as polyethyleneglycol 

(PEG) and ionic liquid (IL) have a strong anti-

migration capacity. 
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